Background: Tumor necrosis factor-alpha-induced protein 8-like 2 (TIPE2) is a novel target and molecule in the negative regulation of immune homeostasis. The present study aimed to investigate the dynamic expression of TIPE2 mRNA during the progression of chronic hepatitis B virus (HBV) infection. Methods: A total of 193 patients with chronic HBV infection were retrospectively recruited into this cross-sectional study, including 97 patients with chronic hepatitis B (CHB), 55 with liver cirrhosis and 41 with HBV-related hepatocellular carcinoma (HCC). TIPE2 mRNA was determined using real-time quantitative polymerase chain reaction. Results: The expression of TIPE2 levels in patients with HCC was significantly decreased compared with expression in patients with liver cirrhosis, CHB and healthy controls (P < 0.05); meanwhile, the TIPE2 mRNA levels in patients with CHB and liver cirrhosis were significantly increased compared with levels in healthy controls (P < 0.01). In liver cirrhosis, the TIPE2 mRNA level in the decompensated state was significantly higher than that in the compensated state (P < 0.05). In HCC patients, TIPE2 mRNA was significantly associated with venous invasion, tumor size and tumor node metastasis stage. Furthermore, the optimal cutoff of 0.78 for the level of TIPE2 mRNA has a sensitivity of 97.56% and a specificity of 88.16% for discriminating HCC from patients with CHB and liver cirrhosis.
Background
Hepatitis B virus (HBV) infection is a global health problem, and approximately 2 billion people are infected with HBV, of whom more than 350 million are chronically infected [1] . The natural course of chronic HBV infection often ranges from chronic hepatitis B (CHB) to liver cirrhosis (LC) and eventually to hepatocellular carcinoma (HCC) [2] . Persistent HBV infection and liver cirrhosis have been identified as leading risk factors for the development of HCC [3] [4] [5] . It is well demonstrated that the interaction of host and HBV, especially the strength of the immune response post HBV infection, contributes to the progression of HBV infection [6] .
TIPE2, tumor necrosis factor-alpha-induced protein 8 (TNFAIP8)-like 2 (TNFAIP8L2), is a newly identified negative regulator of innate immunity and cellular immunity [7] . TIPE2 can maintain immune homeostasis via negative regulation of signaling by binding to T cell receptors (TCRs) and Toll-like receptors (TLRs), and knockout of the tipe2 gene in mice leads to multiorgan inflammation, splenomegaly and premature death [7] . The high-resolution crystal structure reveals that TIPE2 contains a centrally located, large, hydrophobic central cavity, which appears to be a death effector domain (DED)-like structure, and the topology differs from caspase-8 [8] . Similar to other TNFAIP8 proteins, TIPE2 interacts with caspase-8 through their respective DED domains and promotes factor-associated suicide (Fas)induced apoptosis [7] . In addition, TIPE2 has also been reported to control innate immunity to bacteria and double-stranded RNA (dsRNA) viruses [9] , and downregulation of TIPE2 is associated with increased phagocytosis and bacterial killing [10] . Furthermore, it has been shown that TIPE2 binds to the rat sarcoma (Ras)-interacting domain to inhibit Ras-induced tumorigenesis [11] . These results suggest that TIPE2 may not only be involved in inflammation but also in cancer development.
Accelerating evidence supports the hypothesis that aberrant TIPE2 expression might play an important role in the development and progression of chronic inflammatory diseases, autoimmune disorders, stroke, diabetic nephropathy, carcinoma and atherosclerosis [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Recent studies have revealed the downregulation of TIPE2 expression in HCC tissue compared with the paired adjacent nontumorous tissue [21] . However, the expression profiling of TIPE2 mRNA in peripheral blood mononuclear cells (PBMCs) of patients at different stages of chronic HBV infection has not yet been reported. Therefore, we aimed to investigate the dynamic expression of TIPE2 mRNA during the progression of chronic HBV infection in the present study.
Materials and methods

Patients and samples
The study consisted of 41 patients with HCC, 52 patients with LC, 97 patients with CHB and 14 healthy controls (HCs) from the Department of Hepatology and Department of International Medicine, Qilu Hospital of Shandong University, between December 2013 and May 2015. CHB patients were defined as persistent elevation of alanine aminotransaminase (ALT) levels and positive hepatitis B surface antigen (HBsAg) for at least 6 months prior to the beginning of this study [22] . The diagnosis of LC was based on abdominal images and clinically relevant portal hypertension or hepatic encephalopathy. Liver cirrhosis has been subdivided into compensated LC and decompensated LC. The compensated LC subgroup was based on the definition of CHB and the following: (1) computed tomography or ultrasonography images combined with laboratory findings or (2) fibrosis score 4 in liver histopathology. Decompensated LC was defined as the appearance of ascites, variceal bleeding, hepatic encephalopathy, and/or jaundice on the basis of compensated LC [23] . HCC patients were diagnosed according to the 2010 update of the American Association for the Study of Liver Diseases (AASLD) Practice Guidelines for Management of hepatocellular carcinoma [24] . Exclusion criteria included the following: (1) coinfection with human immunodeficiency virus, hepatitis C virus, hepatitis D virus and autoimmune or metabolic liver disease; (2) treatment-free interval of less than 1 year; (3) hematologic disorders; (4) severe alcohol abuse; and (5) coexisting with other tumors. All participants gave written informed consent under protocols approved by the local Research and Ethics Committee at Qilu Hospital of Shandong University, in accordance with the guidelines of the 1975 Declaration of Helsinki [25] .
RNA and complementary DNA (cDNA) preparation from PBMCs
Five milliliters of peripheral blood from all subjects was collected into EDTA anticoagulated tubes. PBMCs were separated using Ficoll-Paque Plus (GE Healthcare, Uppsala, Sweden) density gradient centrifugation. Total RNA from PBMCs was extracted using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. cDNA was synthesized from two micrograms of RNA using a first-strand cDNA synthesis kit (Fermentas, Vilnius, Lithuania).
Quantitative real-time PCR
Primers for TIPE2 were forward 5′-GGAACATCCA AGGCAAGACTG-3′ and reverse 5′-AGCACCTCAC TGCTTGTCTCATC-3′. Primers for β-actin were forward 5′-ATGGGTCAGAAGGATTCCTATGTG-3′ and reverse 5′-CTTCATGAGGTAGTCAGTCAGGTC-3′. β-Actin was used as the endogenous control. Realtime PCR was performed using a SYBR Premix Ex TaqTM (Takara, Toyobo, Japan) according to the manufacturer's instructions. The PCR reaction was performed according to the following thermal profile: denaturation at 95°C for 30 s, followed by 40 cycles of 95°C for 5 s, 60°C for 30 s and 72°C for 30 s. Each sample was carried out in triplicate. Data analysis was performed with the LightCycler 480 Software (Roche Diagnostics, Roche Applied Science, Mannheim, Germany), and the results were determined using the comparative (2 -△△Ct ) method.
Clinical pathological data collection
The serum biochemical markers (COBAS integra 800, Roche Diagnostics, Germany) included aspartate aminotransferase (AST), alanine aminotransferase (ALT), total bilirubin (TBIL), albumin (ALB), and creatinine (Cr). Hemostasis markers (ACL TOP 700, Instrument Laboratory, USA) included the prothrombin activity (PTA) and international normalized ratio (INR). Hematological 
Statistical analysis
The Kolmogorov-Smirnov test was performed to determine whether the data fit a normally distributed population. Quantitative variables were described as medians (25th percentile; 75th percentile). Categorical variables were expressed as numbers (percentages). The Kruskal-Wallis test or Mann-Whitney U-test was used to compare the nonparametric quantitative variables within groups.
The chi-square test was used to compare the categorical data. The correlation between variables was evaluated using the Spearman rank correlation test. All tests were two-tailed, and a P < 0.05 was considered statistically significant. All statistical analyses were performed using IBM SPSS 19.0 software (SPSS Inc., Chicago, IL, USA).
Results
General characteristics
The flowchart for the inclusion and exclusion of all patients is shown in Fig. 1 In LC patients, Fig. 2d shows that the TIPE2 mRNA level in decompensated LC patients was higher than that in compensated LC patients ( Fig. 3e .
In HCC patients, the expression of TIPE2 mRNA had a significant relationship with venous invasion, tumor size and tumor node metastasis (TNM) stage. Lower TIPE2 mRNA expression tends to show a higher incidence of venous invasion or larger tumor size. In addition, TIPE2 mRNA was downregulated in HCC patients with advanced TNM stage (III-IV) compared with the mRNA in those with early TNM stage (I-II). However, TIPE2 mRNA was not significantly related to age, sex, HBeAg, liver cirrhosis, multiple primary tumor number and serum AFP level ( Table 2 ). Figure 3 shows that the areas under the receiver operating characteristic (ROC) curve analysis (AUROC) of TIPE2 mRNA for the discrimination of CHB and LC was 0.523 (95% confidence interval [CI] 0.441-0.605, P > 0.05) with a sensitivity of 61.82%, a specificity of 54.64%, a positive predictive value (PPV) of 43.6% and a negative predictive value (NPV) of 71.6%, indicating that TIPE2 mRNA might not be an optimal marker for the discrimination between CHB and LC. Furthermore, TIPE2 mRNA had an AUC of 0.957 (95% CI: 0.918-0.981, P < 0.001), and the optimal cutoff was 0.78 with a sensitivity of 97.56%, a specificity of 88.16%, a PPV of 69% and an NPV of 99.3% in discriminating HBVassociated HCC from CHB and LC patients. In addition, the serum AFP level yielded an AUROC of 0.881 (95% CI: 0.827-0.923, P < 0.001) with a sensitivity of 82.93%, a specificity of 96.71%, a PPV of 87.2% and an NPV of 95.5% in the diagnosis of HCC from CHB and LC. The AUROC of TIPE2 mRNA combined with AFP was 0.979 (95% CI: 0.947-0.994, P < 0.001), with a sensitivity of 90.24%, a specificity of 94.74%, a PPV of 82.2% and an NPV of 97.3%.
The diagnostic value of TIPE2 mRNA in various stages of chronic HBV infection
Correlations between TIPE2 mRNA and clinical parameters in chronic HBV infection
We further analyzed the correlations between TIPE2 mRNA and clinical parameters, including serum ALT, ALT, ALB, TBIL, PTA, MELD score, AFP and HBsAg. TIPE2 mRNA was positively correlated with serum ALT and AST (r = 0.262, P < 0.05; r = 0.292, P < 0.05) (Fig. 4 ). In addition, TIPE2 mRNA was found to be significantly positively correlated with TBIL and the MELD score in LC patients (r = 0.288, P = 0.033; r = 0.366, P < 0.01) ( Fig. 5 ) and negatively correlated with serum AFP levels in HCC patients (r = 0.312, P < 0.05) (Fig. 6 ).
Discussion
Chronic HBV infections can cause immune-mediated liver damage progressing to cirrhosis and hepatocellular carcinoma (HCC) [27] . Chronic persistent inflammation in the liver may play a critical role in carcinogenesis [28] [29] [30] . TIPE2 is a newly identified negative regulator in maintaining immune homeostasis. However, the potential roles of TIPE2 mRNA at different stages of HBVassociated liver diseases have not yet been reported. In this study, we determined the dynamic expression of TIPE2 mRNA in PBMCs in different stages of HBV-associated liver diseases and identified the potential diagnostic value of TIPE2 mRNA as a biomarker for discriminating HBV-associated HCC from CHB and LC patients. We first reported the dynamic expression of TIPE2 mRNA during the natural history of chronic HBV infection, ranging from CHB and LC to HCC. In the present study, we demonstrated that the median levels of TIPE2 mRNA in chronic hepatitis B were significantly higher compared with those in healthy controls. These results might disagree with the previous report by Xi W et al. in 2011 in which the authors reported that TIPE2 mRNA of CHB patients was significantly downregulated compared with that of normal controls [12] . In their study, the authors defined chronic hepatitis B as HBsAg for more than 6 months but not considered liver inflammation and the immune response. Therefore, our previous study in 2017 aimed to determine the mRNA and protein levels of TIPE2 in peripheral blood and liver from CHB patients [31] . Interestingly, we reported that TIPE2 in immune clearance phases was higher than that in the immune tolerance phase, whereas TIPE2 in HBeAgnegative hepatitis was higher than that in the low replication phase, indicating that TIPE2 might contribute to the immune clearance of CHB patients [31] . In the present study, CHB patients were selected as HBsAg for Fig. 5 Expression of TIPE2 mRNA from peripheral blood mononuclear cells in LC patients. a Correlation between the TIPE2 mRNA level and ALT level (r = 0.198, P = 0.147); b correlation between the TIPE2 mRNA level and AST level (r = 0.185, P = 0.175); c correlation between the TIPE2 mRNA level and ALB level (r = − 0.245, P = 0.072); d correlation between the TIPE2 mRNA level and TBIL (r = 0.288, P = 0.033); e correlation between the TIPE2 mRNA level and MELD score (r = 0.366, P = 0.006); f correlation between the TIPE2 mRNA level and PTA (r = − 0.062, P = 0.652) more than 6 months and had elevated ALT levels, indicating that CHB patients are normally in the immune stages of immune clearance and have HBeAg-negative hepatitis. Therefore, this issue might be the reason why we obtained a discrepancy in TIPE2 expression in different populations of CHB patients [12, 31] . In addition, the healthy controls in the present study were relatively small (n = 14 for our study; n = 21 for Xi's study [12] ) for comparison, although the baseline characteristics of CHB patients and healthy controls were well matched with respect to age and sex. A larger and multicenter study with well-matched controls will be helpful in the future.
Liver cirrhosis is defined as the histological development of regenerative nodules surrounded by fibrous bands in response to chronic liver injury, which leads to portal hypertension and end-stage liver disease [32] . This is the first report to investigate the expression of TIPE2 in HBV-associated liver cirrhosis. We demonstrated that the relative level of TIPE2 mRNA in liver cirrhosis was similar to that in CHB patients, whereas the TIPE2 mRNA level in decompensated LC patients was higher than that in compensated LC patients. Furthermore, there was a significant difference in TIPE2 mRNA between LC patients with ascites and without ascites. These results indicated that TIPE2 might contribute to the progression of LC patients from the compensated phase into the decompensated phase. The MELD score is the current widely popular tool for predicting shortterm mortality of liver cirrhosis [33] . We reported that Fig. 6 Expression of TIPE2 mRNA from peripheral blood mononuclear cells of HBV-associated HCC patients. a Correlation between the TIPE2 mRNA level and ALT level (r = 0.166, P = 0.298); b correlation between the TIPE2 mRNA level and AST level (r = 0.203, P = 0.203); c correlation between the TIPE2 mRNA level and ALB level (r = − 0.034, P = 0.835); d correlation between the TIPE2 mRNA level and TBIL (r = 0.221, P = 0.166); e correlation between the TIPE2 mRNA level and PTA (r = − 0.264, P = 0.095); f correlation between the TIPE2 mRNA level and AFP (r = − 0.312, P = 0.047) TIPE2 mRNA is positively correlated with the MELD score in liver cirrhosis. This result also supports the hypothesis that TIPE2 might play an important role in the severity of liver cirrhosis. In other nonviral liver cirrhosis, TIPE2 might also exert its unique role. For example, decreased expression of TIPE2 has been reported to be associated with the hyperreactivity of monocytes to tolllike receptor ligands in primary biliary cirrhosis [34] . Functional analysis showed that TIPE2 might have protective effects on liver fibrosis by reversing the activated hepatic stellate cells [35] . Therefore, these results strongly suggest that TIPE2 mRNA is associated with liver cirrhosis. However, the exact mechanism of TIPE2 in liver cirrhosis should be well investigated in future studies.
HCC is one of the most common and rapidly fatal human malignancies in the world [36] . In the present study, we reported that the downregulation of TIPE2 mRNA expression was significantly associated with venous invasion, primary tumor size and TNM stage. In recent years, increasing studies have demonstrated that TIPE2 plays an inhibitory role in human cancer development [6, 37, 38] . A recent study showed that TIPE2 can suppress the growth and aggressiveness of hepatocellular carcinoma cells through downregulation of the phosphoinositide 3-kinase/ AKT signaling pathway [39] . Another report showed that TIPE2 is an endogenous inhibitor of Rac1 in HCC, which results in attenuation of invasion and metastasis of HCC [21] . In addition, Erk1/2 and NF-κB activation has also been demonstrated to be involved in HCC progression [40] . These data suggest that TIPE2 might serve as a new target for HCC therapy.
In addition, ROC analysis has been performed to evaluate whether TIPE2 mRNA could serve as a noninvasive diagnostic biomarker. Our data showed that TIPE2 mRNA is superior to AFP for diagnosing HBVassociated HCC from CHB and LC patients, while the combination of TIPE2 mRNA and AFP conferred no advantage over TIPE2 mRNA alone for detecting HBVassociated HCC from CHB and LC patients. These results suggested that TIPE2 mRNA could serve as a useful noninvasive biomarker to diagnose HBV-associated HCC from CHB and LC patients. However, there are no data on the diagnosis of TIPE2 in the discrimination of HCC from LC and CHB patients in another cohort. Therefore, the diagnostic value of TIPE2 should be validated in more cohorts from other countries and other races in future studies. In fact, our present study is a type of cross-sectional study with the results showing that TIPE2 expression is higher in CHB and CHB with cirrhosis but lower in CHB with HCC. It seems reasonable to speculate that CHB patients with lower TIPE2 expression might be at high risk for the incidence of HCC. However, a further prospective consecutive cohort of CHB patients in a large population is essential for identifying the epidemiological effects of TIPE2 on the occurrence of HCC.
Conclusions
In summary, TIPE2 mRNA was associated with the disease progression of chronic HBV infection. TIPE2 mRNA might serve as a potential noninvasive biomarker to discriminate HBV-associated HCC from CHB and LC patients. However, the diagnostic value of TIPE2 should be validated and investigated in more cohorts from other countries and other races in future studies. 
